New Zealand fur seals (Arctocephalus forsteri) are common in the Australian-New Zealand region, but vital demographic data are lacking. Accurate determination of the age of individuals is critical to the study of agespecific life-history parameters. A cross-sectional sample of female and male New Zealand fur seals was caught and animals were individually marked on Kangaroo Island, South Australia, between 2000 and 2003. Seals were aged through examination of a postcanine tooth, which was removed from each animal. Annual formation of cementum layers was confirmed and accuracy in age estimation was determined by examination of teeth removed from individuals of known age. Indirect methods of assessing reproductive maturity based on characteristics of mammary teats indicated that females 1st gave birth between 4 and 8 years of age, with an average age at reproductive maturity (ARM) of 5 years. No females were observed to breed beyond 22 years. Age of 1st territory tenure in males ranged from 8 to 10 years. Variation in ARM between individuals appears to be related in part to body size and condition. Classification of mammary teat status in combination with techniques for aging live animals provided a means of assessing ARM in the absence of extensive longitudinal data.
Age at 1st reproduction and longevity are important lifehistory parameters required in the estimation and interpretation of population size, age structure, and growth (Wickens 1993; York 1987) . The age and size at which individuals mature also provide valuable information for the interpretation of age-and sex-specific life-history parameters and behaviors relating to growth and reproduction (Clinton and Le Boeuf 1993; Testa 1987; Trites and Bigg 1996) .
For females of many mammal species, the age at reproductive maturity (ARM) is the age at which a female 1st gives birth and the age of sexual maturity is the age at 1st conception, which may correspond to the age at 1st estrus (puberty). In contrast, for males of many mammal species the ARM is not as clearly defined, because males may be mature sexually (i.e., viable sperm are produced and conception is physiologically possible) but they may not have the opportunity to mate until they become ''socially mature. '' In marine mammals, the ARM or age of sexual maturity is considered a useful index of the reproductive potential or status of a population (DeMaster 1978 (DeMaster , 1981 Eberhardt and Siniff 1977; York 1983 ). This concept is based on the premise that age of sexual maturity is closely linked with a critical size or body condition (Laws 1956; Widdowson 1981) , and growth rates are dependent on per capita prey availability. Thus, decreased food availability, due to increasing population density, declining prey abundance, or both, is thought to result in slower growth rates among younger animals and therefore later maturation (Bengtson and Laws 1985; Bowen et al. 1981; Pistorius et al. 2001 ). However, because of variation in age at maturity between individuals within a population, this criterion is often difficult to apply, unless reliable estimates of the average age at maturity are available. This in turn requires the collection of age-specific reproductive information from either a large crosssectional sample of the population or extensive longitudinal studies, both of which have disadvantages and potential biases.
In most pinniped studies, ARM in females has been inferred from age-specific ovulation rates or evidence of past or present pregnancies (presence of a fetus, placental scaring, corpus luteum, or corpus albicans), based on examination of reproductive tracts from culled individuals (Lima and Páez 1997; Wickens and York 1997; York 1983) . Such estimates assume that all sexually mature females become pregnant on their 1st ovulation and are equally likely to give birth, regardless of age. However, a number of studies have indicated that pregnancy rates are not always independent of age, and failure to conceive is often associated with initial ovulation (Boyd 1985; Craig 1964; Pitcher and Calkins 1981) . Significant intrauterine mortality also may occur late in gestation Pitcher and Calkins 1981) . Thus, age-specific ovulation or pregnancy rates may underestimate ARM. Interannual differences in the pattern and degree of pregnancy failure also may occur (Boyd 1985; Lima and Páez 1995; McKenzie et al. 2005) ; therefore, reproductive parameters collected over a number of years are required to reduce the influence of anomalous seasons on parameter estimates.
Determining the age at 1st reproduction (1st mating) in male fur seals is more difficult. Although males may be sexually mature, reproductive maturity in polygamous species may be delayed until a male can physically secure a breeding territory, which in turn may depend on attainment of a certain size or fighting ability (Boyd and Duck 1991) . Although nonterritorial males may mate with females on the periphery of territories (Mattlin 1978; Troy 1997) , the age at 1st territory tenure is a valuable criterion for estimating ARM in males.
Estimates of ARM in pinnipeds have been based on observations of marked individuals of known or estimated age, resighted from birth (or marking) until 1st reproduction (e.g., Boyd et al. 1995; Huber 1987; Testa 1987) . Although longitudinal data provide the most accurate estimates of ARM, the collection of continuous reproductive histories is labor intensive, requires some level of predictability in the movement and location of animals, and requires sufficient numbers of individuals of different age classes to retain their marks until the age of maturity. Alternatively, ARM has been estimated from age-specific reproductive schedules, which requires a large cross-sectional sample of known-aged individuals across a range of ages (Testa 1987) or a combination of cross-sectional and longitudinal reproductive data (Dabin et al. 2004 ). Where individuals have not been marked at birth, a reliable method of aging animals sampled also is required.
The New Zealand fur seal (Arctocephalus forsteri) is the most abundant species of fur seal in the Australian-New Zealand region (Goldsworthy et al. 2003; Harcourt 2001) . Populations throughout the region were greatly reduced by unregulated harvesting in the late 18th and early 19th centuries (Ling 1999) , but the species has since been recovering and recolonizing its former range (Harcourt 2001; Shaughnessy et al. 1994) . Despite their abundance and a growing interest in their role as a predator in the marine ecosystem (Goldsworthy et al. 2003) , vital aspects of the biology of this species are poorly understood. The maximum reported ages of female and male New Zealand fur seals are 22 and 15 years, respectively (Dickie and Dawson 2003; Mattlin 1978; Troy et al. 1999) . Sexual maturity in New Zealand fur seals is thought to occur between 4 and 6 years for females and between 5 and 9 years for males (Dickie and Dawson 2003) . Males 1st attempt to hold territories at 8-9 years (Mattlin 1978; Troy 1997) , but are unlikely to be successful until they are 10 years old (Mattlin 1978) .
The counting of growth layer groups (GLGs) in the structure of teeth is routinely used to age marine and terrestrial mammals, but the accuracy and reliability of estimates vary between species, preparation techniques, and the type of tooth (i.e., postcanine or canine) and layers examined (i.e., dentine or cementum-Anas 1970; Arnbom et al. 1992; Childerhouse et al. 2004; Klevezal' 1980; Oosthuizen 1997; Oosthuizen and Bester 1997; Payne 1978; Stewart et al. 1996) . Two techniques have been used to estimate the age of New Zealand fur seals: counting GLGs in the dentine of acid-etched lower canines (e.g., Dickie and Dawson 2003; Mattlin 1978) , and counting GLGs in the cementum of ground sections of postcanines (e.g., Troy et al. 1999) . However, the accuracy of age estimation techniques has not been validated on known-age individuals in this species.
This paper outlines a method of aging New Zealand fur seals through examination of decalcified, stained, thin sections of postcanine teeth. This technique is then used to estimate ages of a large cross-sectional sample of live New Zealand fur seals, which is then used to investigate age-specific life-history parameters. We also present a novel approach of assessing reproductive maturity of live female fur seals based on external examination of mammary teats. The objectives of this study are to validate the aging technique using a sample of known-age teeth, to assess the accuracy in classifying females as reproductively immature or mature based on mammary teat status, to estimate the age and size at reproductive maturity, and to estimate maximum longevity of female and male New Zealand fur seals based on cross-sectional and longitudinal data.
MATERIALS AND METHODS
Study population.-Analyses were based on morphometric and tag-resight data of seals captured and observed between 2000 and 2004 at Cape Gantheaume (368049S, 1378289E), on Kangaroo Island, South Australia. The New Zealand fur seal population at Cape Gantheaume has been increasing by about 16% per annum since monitoring began in 1989 (Shaughnessy 2000) and current population size is estimated around 9,100 individuals (Goldsworthy et al. 2003) Previous tagging programs conducted at Cape Gantheaume provided a pool of known-age individuals for validation of the aging technique and additional individuals for age-specific reproductive analysis. From January 1990 to January 1996, 203-820 pups were tagged annually at Cape Gantheaume (Shaughnessy 1997) . In addition, 367 pups were tagged at irregular intervals between January 2001 and September 2003 at Cape Gantheaume (Baylis et al. 2005; Haase 2005 ).
Animal capture and data collection.-Between 2000 and 2003, 331 females and 100 males aged !1.5 years were selected at random and captured, including 22 known-age animals, which were tagged as pups. Most animals were captured during the nonbreeding season between March and October. Seals were captured using a hoop-net and sedated using an intramuscular injection of Midazolam (0.1-0.6 mg/kg; Roche Products Pty. Ltd., Sydney, New South Wales, Australia) or remotely immobilized using Zoletil (0.86-2.37 mg/kg; Virbac Pty. Ltd., Peakhurst, New South Wales, Australia) delivered by a dart gun (Taipan 2000; Tranquil Arms Company, Melbourne, Victoria, Australia), using 0.5-to 1.0-cc barbless darts (Pneu-Dart, Williamsport, Pennsylvania). Animals were restrained using gas anesthesia (0.5-5%; Isoflurane VCS, Artarmon, New South Wales, Australia) delivered from an anaesthetic machine (Komesaroff Small Animal Anaesthetic Machine; Medical Developments Australia, Melbourne, Victoria, Australia). Each seal was marked using uniquely numbered flipper tags (Supertags; Dalton, Woolgoolga, New South Wales, Australia), bleach marks, or both. Animals were weighed (scales 50 kg 6 0.1 kg or 200 kg 6 1.0 kg; Salter, Melbourne, Victoria, Australia) and their dorsal standard length (straightline nose-tail distance) and axillary girth were measured to the nearest centimeter.
A 1st postcanine tooth was extracted from each animal for age determination. Before tooth extraction, a local anaesthetic (10 mg lignocaine hydrochloride; Xylocaine: AustraZeneca Pty. Ltd., North Ryde, New South Wales, Australia) was administered into the gum next to the tooth to reduce the amount of general anaesthetic required and reduce postoperative pain. The lower left 1st postcanine tooth (or right, if the left was missing or broken) was extracted within a few minutes (average time 2.7 min 6 1.0 min SD, n ¼ 20), using a dental elevator (3 mm or 4 mm) and stored in 70% ethanol. To assist in defining the 1st cementum annulus, a sample of teeth also was collected from dead young of the year and known 1 year olds. All research procedures were conducted in a humane manner, following guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) and were approved by the Animal Ethics Committees at La Trobe University and the South Australian Department for Environment and Heritage.
Tooth preparation.-Age was estimated by counting incremental layers or GLGs in the cementum of decalcified, stained, thin, longitudinal sections of teeth, using a method modified from Stewart et al. (1996) . Teeth that had been stored in ethanol were rinsed in running water for 3 h before being decalcified in a hydrochloric acid rapid decalcifying agent (RDO; Apex Engineering Products Corporation, Aurora, Illinois) for 5-12 h. After rinsing in water, teeth were checked every 2 h for flexibility. To decrease decalcification times, the buccal and lingual sides of larger teeth were trimmed when partly decalcified, taking care not to dislodge the periodontal ligament tissue or damage the anterior or posterior edges of the tooth. Overdecalcification resulted in the swelling and fragmentation of GLGs. Decalcified teeth were rinsed in running water for at least 6 h. Teeth were then embedded in Optimal Cutting Temperature Compound (OTC; Tissue-Tek, Miles Inc. Diagnostic Division, Elkhart, Indiana) and sectioned (20 lm) longitudinally through the center of the tooth from crown to root tip, using a freezing microtome (Minotome cryostat; International Equipment Company, Newark, New Jersey; C35 microtome disposable blades; Feather Safety Razor Co., Ltd., Osaka, Japan) set at À58C. Sections were rinsed in water for ;5 min to remove the OTC, before being stained using a hematoxylin stain for 20-25 min. Stained sections were then rinsed in water until the water ran clear and a sample was checked for darkness using a dissecting microscope. The sections were then ''blued'' and the stain fixed in a 5% solution of ammonia for 30 s, then rinsed in running water for ;30 min. Sections were floated in distilled water and the 12 best sections for each tooth were selected and mounted on gelatin-coated glass slides. Both central (sections that include the entire length of the pulp cavity) and near-central sections were selected. Slides were air-dried before being mounted under a glass cover slip using DPX Mountant (Fluka, Sigma-Aldrich Pty. Ltd., Sydney, Australia).
Age estimation.-Counts of cementum GLGs were made on a compound microscope at 40-100Â. A single GLG was defined as a layer that included 2 incremental growth zones; a wide, poorly stained zone that contained lightly stained accessory laminae and a narrow, deeply stained zone (Klevezal' 1980) . In many individuals, 2 narrow dark zones occurred in some annual layers, which are thought to occur because of a 2nd period of arrested annual growth (Klevezal' 1980) . These double layers were clearest in the region of the root tip. To distinguish GLGs, lines were followed distally and proximally to ensure GLGs were not compressed (fused) and to ensure double layers were counted as 1. The 1st annual layer was not always distinct from the dentine-cementum junction along the length of the tooth. In some regions, the 1st annulus appeared as a thickened dentine-cementum junction. Equally, the most recent layer of growth was not visible in all regions or may have been partially formed or damaged, particularly if the periodontal ligament was not intact. The most complete depositional record of cementum was typically found adjacent to the root tip. In older animals, the more recent GLGs were narrower and appeared compressed in some regions.
For each tooth, the clearest and most complete section (in terms of cementum deposition) was selected from the available sections, and the number of GLGs was counted in repeated reading sessions. During each session, each tooth was given a subjective score of readability (1-4, excellent to unreadable, respectively). Three to 5 reading sessions were undertaken for each tooth without knowledge of the previous estimate. If 3 readings were the same, that value was assigned as the final age estimate. If 2 readings were the same and a 3rd reading differed by no more than 1 year the modal value was taken as the final age. In the case that a 3rd reading differed by more than 1 year from the mode or all 3 readings differed, 2 more readings were made and the mean and 95% confidence intervals (95% CI) were calculated. Outliers were removed and the final age estimate was calculated as the median of the remaining values (McCann 1993) . Age estimates were corrected for date of collection by adjusting ages to the nearest 0.1 year (McLaren and Smith 1985) , assuming a mean date of birth of 26 December . A single reader with previous experience (JM) conducted all readings to eliminate interreader biases (Anas 1970; Oosthuizen 1997) . Validation of annual GLGs and accuracy of aging was assessed using teeth collected from 22 known-age individuals (17 females and 5 males) that were tagged as pups.
Reproductive maturity and status.-For females, reproductive maturity was assessed using 2 forms of reproductive data: mammary teat status on capture and reproductive status during the breeding season. Females captured in the nonbreeding season (2000, 2001, and 2002) were classed as reproductively immature or mature based on the visual appearance of their mammary teats and their state of lactation was recorded. Females with small, nonswollen, and unworn teats were classed as reproductively immature (not having previously nursed a pup). Females with medium to large teats, which appeared engorged or worn, with or without milk manually expressed, were classed as reproductively mature (having previously nursed a pup at least once). To confirm the presence of a current pup, censuses for tagged females were conducted during the capture period.
During 4 consecutive breeding seasons (2000-2001 to 2003-2004) , the annual reproductive status (i.e., given birth or holding a territory) and location of tagged seals (tagged individuals aged by tooth examination and individuals tagged as pups) were recorded during twice-daily censuses of breeding and haul-out areas. Study animals were observed from cliffs, which run adjacent to the colony, using binoculars and spotting scopes. Censuses were conducted from mid-November to early February. Additional resighting data also were collected from censuses conducted over 6 days during the peak of the 2004-2005 breeding season and over 5 days at the end of the same season. Females were classified as reproductive for a given season if they were observed with a newborn pup and nonreproductive for that season if a pup was not observed. Because some tagged females, which were resighted infrequently during the breeding season, may have given birth to a pup elsewhere, only known-resident females were used in the estimation of reproductive rates. Females were classified as resident if they were observed with a pup in at least 1 of the 5 years. This classification ensured that immature females, which may have been resighted infrequently in a given breeding season, but later gave birth in the study area, were included. Resident females not observed during a breeding season but observed in subsequent seasons were considered not to have given birth for the season skipped (Boyd et al. 1995; Huber 1987; McKenzie et al. 2005; Testa 1987 ). The probability of resighting a tagged resident female given she was alive was 0.986 6 0.010 SE (J. McKenzie, in litt.). The frequency of censuses (except for 2004-2005) ensured that pups that died at birth or shortly after birth were not missed; 94% of pups were observed within a day of birth and all others within a week of birth; therefore, the accuracy of reproductive status based on resights should be high.
The reproductive status of tagged males was assessed based on their territorial status during the breeding season. Males were classified as territorial if they were observed holding a territory containing females or challenging an existing territorial male. Males that attempted to sneak into existing territories without challenging the territory holder or males hauled-out in nonbreeding areas were considered nonterritorial. The latter classification is likely to underestimate the proportion of territorial males, because some males may have held or attempted to hold territories at other colonies. Males that were observed fewer than 3 times over the summer were not included in the analysis.
Data analysis.-Age-specific maturity rates were estimated from the proportion of females within each age class that were classed as mature based on status of the mammary teats. Ages were adjusted to age at the previous breeding season (age at breeding season before capture). The average ARM and its associated variance was estimated from the age-specific maturity schedule using the algorithms described by DeMaster (1978):
where x is the average age at 1st birth, x is age in years,p (x) is the estimated probability of giving birth for the 1st time at age x, and w is the maximum age in the sample. The probability that a female 1st gives birth at age x is estimated from the agespecific maturity schedule by:
where f (x) is the proportion of females of age x that were estimated to be mature. The estimated variance for x is:
The 95% confidence limits (95% CL) are approximated by:
To examine the effect on the estimated average ARM, which may have resulted from the unusually low reproductive rates recorded in 2000-2001 breeding season, estimates were also calculated excluding data from captures during the 2001 nonbreeding season.
Age-specific reproductive rates were estimated from tagresighting data as the proportion of individuals within each age class that were recorded with a pup or were classified as territorial. Because of small sample sizes in some age classes in any given year, analysis was performed on data pooled across breeding seasons (following the methods of Boyd et al. [1995] , Lunn et al. [1994] , and Testa [1987] ), except for 2000-2001, which was excluded from analyses. Age-specific reproductive rates and reproductive histories were primarily based on the sample of seals captured between 2000 and 2003. Individuals were included only once in analyses.
The relationship between counts of GLGs and age was investigated using linear least squares regression and analysis of covariance (ANCOVA), to test for similarities in slope between estimated and actual age. The relationship between body size and maturity was investigated based on body length and a body condition index (mass/length ratio). Differences in length between immature and mature females were compared using ANCOVA. Because of small age-specific sample sizes, differences in morphology (length and condition) between immature and mature individuals were tested for 5-year-old females only, using a Student's t-test. Low numbers of individuals in each age category precluded meaningful statistical analysis of differences in body size between territorial and nonterritorial males. Body condition indices for males captured in the nonbreeding season were not representative of the condition of males in the breeding season and therefore were not explored. Homogeneity of variances was tested using Levene's equality of variances F-test (and transformed to equate variances), and the Kolmogorov-Smirnov and ShapiroWilk tests were used to determine whether data were normally distributed and nonparametric tests were used if the data were not normally distributed. Mean values with 6 SD are given unless otherwise stated. A probability level of 0.05 was used as the upper level of significance.
RESULTS
Validation and accuracy of aging technique.-Deposition of the deeply stained narrow zone appeared to begin in mid-to late autumn and was complete by spring, when deposition of the lightly stained and broader growth zone commenced. Age was correctly assigned to 17 (77.3%) of the known-age individuals (n ¼ 22, range 0.9-8.6 years), and underestimated by 1 year in the remaining 5 (22.7%). Actual age and the age estimated from counts of cementum GLGs were positively correlated (r 2 ¼ 0.96, P , 0.001). The slope of the regression for estimated age was parallel (F ¼ 0.970, d.f. ¼ 1, 40, P ¼ 0.331) and not significantly different from that of actual age (F ¼ 0.139, d.f. ¼ 1, 42, P ¼ 0.712). The proportion of females correctly assigned to their known age (76.5%) was similar to that of males (80%); however, the number of males sampled was small (n ¼ 5).
Validation and accuracy of mammary teat classification.-Status of mammary teats was recorded for 331 females ranging in age from 1 to 23 years. Females classified as immature ranged in age from 1 to 7 years (n ¼ 33), and none were recorded as lactating nor observed with pups in the census period after capture. Females classified as mature ranged in age from 4 to 23 years (n ¼ 298). Of the resident females classified as mature, 217 (82.2%) were observed with a pup after capture and ranged in age from 4 to 18 years. Mature lactating females not observed with pups ranged in age from 6 to 15 years (n ¼ 24). The age distribution of mature females that were not observed with a pup and were not lactating ranged from 5 to 23 years (n ¼ 23) and was bimodally distributed, with peaks at 6 and 17 years. The 1st peak in the bimodal distribution is expected if younger mature females are more likely to skip a breeding season or fail early in the lactation period compared to older, mature females. In contrast, the 2nd peak may indicate reproductive senescence in older females.
Although the reproductive status of females classified as mature that were nonlactating and without a pup could not be verified, the age distribution of females classified as immature or mature agrees with the observed age range of known reproductively mature females (females observed with pups). Thus, our classification of mammary teat status appears to provide a reasonable assessment of reproductive maturity.
Age-specific maturity and reproductive rates in females.-Based on status of mammary teats, females were estimated to 1st give birth between 4 and 8 years of age, with an average ARM of 5.2 years (95% CL: 4.8-5.6 years, n ¼ 331; Fig. 1 ). The average ARM calculated after exclusion of data collected in 2001 was 5.1 years (95% CL: 4.6-5.6 years, n ¼ 197). The two 4 year olds classified as mature based on teat status were both observed attending pups and the maximum age at 1st birth, among 8 tagged females with complete reproductive histories, was 8 years. Thus, 4-8 years appears to be a realistic age range for reproductive recruitment in the population studied. We did not attempt to calculate the average ARM from available longitudinal data because only 2 females in the data set were under the age of 4 years when tagged. Thus, the sample was likely to be biased toward latermaturing females.
Of the 334 females captured and marked between 2000 and 2003, 244 were classified as resident and resighted in at least 1 breeding season after capture. The youngest resident female observed to give birth was 5 years of age, and the major onset of reproduction appears to have occurred at 6 years ( Fig. 1) . However, sample sizes of available (tagged) 4 and 5 year olds was small, and are likely to have biased reproductive proportions of younger age classes. Age-specific reproductive rates were low at 5 years (25%), but increased rapidly to maximum rates between 8 and 13 years, by which age all females were considered reproductively mature (Fig. 1) . At ages . 13 years the proportion of females that produced young began to decrease, which may indicate the onset of reproductive senescence in some females (Fig. 1) . The rate of reproductive senescence appeared to peak at ages . 17 years (Fig. 1) . The overall reproductive rate of 4-to 7-year-old females was 31% (n ¼ 35), compared to 67% for females aged 8-13 years (n ¼ 147).
Longitudinal observations of New Zealand fur seals that were tagged as pups support the estimate of females attaining reproductive maturity at 5-6 years of age. Females from the 1995 cohort were observed in relatively low numbers during the winter of 2000 when 4.5 years of age, but none were observed nursing pups. In the winter of 2000, several females from the 1994 cohort (5 year olds) and the 1993 cohort (6 year olds) were observed with pups. In the following breeding season (2000) (2001) , females representing all 3 cohorts (5, 6, and 7 year olds) were observed to give birth. No females tagged as pups from the 2000, 2001, or 2003 cohorts (1-3 year olds) were observed to give birth during this study.
Age-specific territory tenure in males.-Longitudinal reproductive histories were available for 6 males (aged 6-7 years), followed over 4 breeding seasons (2001-2002 to 2004-2005) . Of these males, 5 were of exact known age. Age of 1st territory tenure ranged from 8 to 10 years, with an average of 9 years (95% CL: 8.1-9.9 years, n ¼ 6). Based on the age-specific reproductive schedule, territorial tenure was low among 8 year olds (17%) and increased to 45-50% among 9-10 year olds (Fig. 2) . At 11 years of age only 2 (33%) of the 6 males were territorial. At ages ! 12 years the majority of males (75-100%)
were territorial in at least 1 breeding season. These results indicate that the major onset of territorial tenure occurs at ;9 years. The overall territorial tenure for males aged 10-19 years was 78%, and 30% for 8-9 year olds (Fig. 2) .
Recording of the territorial status of males tagged as pups from the 1994 and 1995 cohorts commenced in the 2000 breeding season, when males were 6 and 5 years of age, respectively. Males from both cohorts were 1st observed to 1st hold territories at 8 years of age, with greater numbers observed to hold territories at 9 years.
Longevity and size at reproductive maturity.-The greatest estimated age for females and males based on longitudinal data collected up until 2004-2005 was 25 and 19 years, respectively. The oldest female observed to give birth was a 22 year old and the oldest male observed to hold a territory was a 19 year old.
Although there was overlap in length between maturity classes for 1-to 10-year-old females, which were classified as reproductively mature, immature females between 4 and 7 years were on average shorter than mature females in the same age range (121.1 6 6.4 cm, n ¼ 17 versus 129.3 6 5.2 cm, n ¼ 93; ANCOVA, adjusted for age: F ¼ 7.620, d.f. ¼ 1, 107, P ¼ 0.007; Fig. 3 ). The shortest mature female and the longest immature female were 118 cm and 130 cm, respectively. However, the relationship between length and maturity also differed with age (Fig. 3) . Females that were mature at 4 years were among the longest of their age class and females that were still immature at 6 and 7 years were among the shortest of their age classes (Fig. 3) . However, at 5 years of age there was no significant difference in length between the 2 groups (immature: 125.3 6 5.3 cm, n ¼ 6 and mature: 126.7 6 4.4 cm, n ¼ 10; t ¼ 0.678, d.f. ¼ 14, P ¼ 0.509). Failure to detect a difference between maturity classes may be due to small sample sizes or an artifact of the time of sampling. If growth in mature females slows relative to that of immature females of the same age class (due to the energetic cost of reproduction), we expect that any difference in size between the 2 groups would be reduced by the time animals were measured 4-8 months after the breeding season.
Among 5 year olds, body condition did not vary significantly between immature and mature females (t ¼ 1.357, d.f. ¼ 14, P ¼ 0.196). However, with the removal of 1 immature female that was in extremely good body condition, mature 5 year olds had significantly greater mass per unit length (t ¼ 2.645, d.f. ¼ 13, P ¼ 0.02), indicating that body condition may influence reproductive maturity in addition to length and age. Alternatively, it could be argued that the greater condition index of mature females is a result of increased mass due to pregnancy or lactation, rather than an indication of maturity.
The shortest male to hold a territory in the following breeding season was 164 cm (12 years old; Fig. 4) . However, morphological data were not available for 8-year-old territorial males. Small age-specific sample sizes and high variability in male dorsal standard length precluded statistical analysis. However, of the 8-to 10-year-old males sampled, territorial males were longer in dorsal standard length (170.0 6 1.4 cm, n ¼ 2) than nonterritorial males (150.7 6 8.4 cm, n ¼ 8).
DISCUSSION
Age determination.-In the present study, GLGs were clear and unambiguous in the cementum of decalcified and stained thin-sections of the 1st postcanine. Annual deposition of cementum layers was confirmed by comparison of counts of GLGs with actual age, using a sample of known-age individuals. Age was accurately assigned to the correct year in a majority of cases (77.3%) and underestimated by 1 year in all other cases. However, the age range over which the aging technique was assessed was limited to 0.9-8.6 years. Because of the compression of GLGs with increasing age, greater error may occur in assigning ages to older animals. Although counting GLGs in tooth sections was difficult in older animals, we do not expect compression of GLGs to affect estimated ages significantly. Further collection of samples from older knownage individuals of both sexes will help to evaluate homogeneity of variance in assigning ages to older animals.
The aging technique described in this paper provides an accurate and consistent estimate of age in live New Zealand fur seals. However, care in the preparation of sections and interpretation of GLGs is important to ensure that errors associated with assigning ages are minimized. It is particularly important to retain the periodontal ligament tissue surrounding the cementum. Preliminary comparison of teeth collected from dead individuals, indicated that maceration of teeth during skull preparation can damage the peripheral annulus, resulting in age being underestimated. Quantification of such error would be valuable in correcting ages of individuals aged from skull collections or dried teeth. This finding has considerable implications for other mammal studies that have investigated seasonal deposition of growth layers or season of death based on the characteristics of the peripheral cementum band and in assessing the accuracy of techniques that utilize dried teeth, particularly where known-age material is lacking.
Longevity.-In our study, the maximum age recorded for female and male New Zealand fur seals was 25 and 19 years, respectively, which are comparable to those reported for other otariid species (Arnould and Warneke 2002; Lima and Páez 1997; Trites and Bigg 1996; Wickens 1993) . The maximum ages recorded in our study were greater than previously reported for this species (12þ-year-old female and 15-year-old male -Mattlin 1978; 15-year-old male-Troy et al. 1999; 22-year-old female and 12-year-old male-Dickie and Dawson 2003) , but it is likely that older individuals of both sexes may be found in even larger samples. Among species of fur seals, maximum ages reported for individuals in the wild are 35 years for a female northern fur seal (Callorhinus ursinus-York cited in Wickens 1993) and 21 years for a male South American fur seal (Arctocephalus australis-Vaz-Ferreira and Ponce de Leon 1987). The 2nd oldest reported female is a 30-year-old South American fur seal (Lima and Páez 1997) . The maximum reproductive longevity reported for female fur seals is 27 years, for a pregnant South American fur seal (Lima and Páez 1997) . In our study, no females were recorded to produce young beyond 22 years of age.
Age and size at reproductive maturity.-New Zealand fur seals at Cape Gantheaume exhibited maturation patterns similar to those of other otariid species, with both sexes displaying a range of ages at which reproductive maturity is attained. For female fur seals, the earliest estimated ARM ranges from 3 to 5 years and both age of sexual maturity and ARM may differ between individuals in the same population by up to 3-4 years Open circles indicate males that were observed to hold territories (n ¼ 21) in the summer after capture and closed circles indicate males that were nonterritorial (n ¼ 24). The solid line indicates the minimum body length of males that attempted to hold territories and the dashed line indicates the estimated average age at reproductive maturity. Body length was not available for 8-year-old territorial males sampled.
(e.g., Bester 1995; York 1983) . Comparison of reported ARM between species is impractical because estimates of maturity not only vary between populations and time periods within species, but also in the manner in which parameters were estimated (Wickens and York 1997) .
We used both direct and indirect methods to evaluate reproductive maturity in female New Zealand fur seals. Characteristics of mammary teats of females suggest that the ARM in the population ranged from 4 to 8 years, with most females maturing at ;5 years (Fig. 1) . The predicted period of maturation also was reinforced with increasing age-specific reproductive rates between 4 and 8 years (Fig. 1) . Although limited, longitudinal data and resighting of females tagged as pups supported our indirect estimates of ARM. Estimated ARM also was consistent with reported estimates of age of sexual maturity (4-6 years) for New Zealand fur seals from New Zealand (Dickie and Dawson 2003; Mattlin 1978) .
Disproportionate representation of mature and immature females in the study area would bias age-specific estimates of the proportion mature, based on status of mammary teats. However, in our study, such biases are thought to be minimal because animals were captured from both breeding and haulout areas during the nonbreeding season, when juveniles are more common on land. In the absence of sufficient longitudinal histories, the age-specific maturity rates calculated in our study provide the best estimate for this population.
The youngest males observed holding territories during our study were 8 year olds, which is consistent with previously reported estimates for New Zealand fur seals (Mattlin 1978; Troy 1997) . In other species of fur seals, the youngest males reported to hold territories range from 7 to 8 years (Wickens and York 1997) . The estimated average age at 1st territory tenure for New Zealand fur seals was 9 years, with most males (!75%) between the ages of 12 and 19 years observed holding territories (Fig. 2) . Low rates of territory tenure observed among 11 year olds may be an artifact of small sample size, may indicate a lack of site fidelity among younger males, or both. Although territorial males routinely return to the same site between years (Troy 1997) , the level of site fidelity displayed by younger 1st-time territorial males is not known. Thus, the proportion of younger males that were estimated to be territorial may be underestimated if younger males attempted to hold territories in other breeding areas, between hauling out at the study site. Alternatively, increased mortality rates in males that attempted to hold territories at younger ages (Clinton and Le Boeuf 1993) may account for lower territorial rates.
In accordance with other species of fur seals, male New Zealand fur seals appear to attain reproductive maturity several years after they mature sexually, following the development of secondary sexual characteristic such as larger size and fighting ability (Boyd and Duck 1991; Troy 1997) . Sexual maturity in males is estimated to occur between 5 and 9 years (Dickie and Dawson 2003; Mattlin 1978) , when males are predicted to have reached 74-92% of the average maximum adult length (McKenzie et al., in press ). Of the tagged males for which morphological data were available, no males that were less than 95% of the average maximum adult length were observed to hold territories (Fig. 4) , suggesting that for some sexually mature males reproductive maturity was delayed until they reached a critical size.
Variation in ARM between individuals appears to be correlated in part with body size, condition, or both. Females in the present study were estimated to reach reproductive maturity at lengths !118 cm and 131 cm (Fig. 3) , which corresponds to 86-96% of the estimated average maximum adult length (McKenzie et al., in press ). In pinnipeds, as in most other mammals, body size or condition is generally thought to have a greater influence on sexual maturity and reproductive success than age (Bowen et al. 1981; Laws 1956; Widdowson 1981) , but distinguishing between causation and correlation is difficult (Bernardo 1993) . Laws (1956) hypothesized that female pinnipeds attain sexual maturity at 87% (range 81-92%) of their adult length. However, genetic differences and environmental variation during development also are likely to influence the size and age at which individuals mature (Widdowson 1981) . Although a number of pinniped studies have indicated that size and condition may influence the reproductive success of mature females and maternal investment in young (Georges and Guinet 2001; Pitcher et al. 1998) , direct evidence of the effect of growth and condition on maturation is lacking.
Monitoring changes in the age at which individuals in a population 1st reproduce may be useful in detecting change in factors that influence growth and development (DeMaster 1978; Eberhardt and Siniff 1977) . However, obtaining reliable estimates of the average ARM is difficult and valid comparisons between populations and time periods cannot be made if different methods have been used. Longitudinal studies require extensive tagging and resight programs and are therefore time consuming and expensive. Evaluation of sighting biases is also required (Testa 1987) . In contrast, indirect estimation of reproductive maturity in females based on mammary teat characteristics does not require an extensive tag-resight program and can be repeated easily, provided animals can be reliably aged (tooth extraction, tags, microchips, or brands). Because animals can be captured over a relatively short period of time, at any time of the year, biases associated with segregation of age and reproductive classes during the breeding season can be reduced. This method is unlikely to be without error, but may provide an index with which to study trends. Classification of teat status in combination with longitudinal studies would assist in evaluating the level of accuracy in the described method and assist in developing a reliable classification method.
Our estimates of ARM and longevity presented here will provide a useful basis for modeling population dynamics of fur seals and assist in the evaluation of survival estimates. These estimates also will provide a basis for comparison among pinnipeds and may be valuable in assessing relative population or environmental change in the future.
